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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 
ALTITUDE -WIND-TUNNEL INVESTIGATION OF 
J47 TURBOJET -ENGINE PERFORMANCE 
By E. William Conrad and Adam E. Sobolewski 


SUMMARY 

An investigation has been conducted in the NACA Lewis altitude 
wind tunnel to evaluate the performance of the J47 turbojet engine 
over a range of simulated altitudes from 5000 to 50,000 feet, 
simulated flight Mach numbers from 0.21 to 0.97, and a complete 
range of engine speeds. Data are presented to show the effects of 
altitude at a flight Mach number of 0.21 and of flight Mach number 
at an altitude of 25,000 feet. The performance data sire general- 
ized by two methods to determine the range of flight conditions 
for which engine performance may be predicted from performance 
data obtained at a given flight condition. 

Engine -performance parameters obtained at a given altitude 
snd. flight Mach number could be used to predict engine performance 
for only a limited range of altitudes and corrected engine speeds . 
From the engine pumping characteristics presented, Jet thrust could 
be predicted for any desired flight Mach number and exhaust-gas 
temperature for engine -pressure ratios above approximately 1.4 at 
altitudes from 5000 to 50,000 feet. The decrease in temperature- 
limited engine speed with increasing altitude indicated the need 
for a variable-area exhaust nozzle. 

The specific fuel consumption at temperature -limited engine 
speed and a flight Mach number of 0.21 varied from 1.20 to 1.30 
pounds per hour per pound of net thrust over the range of altitudes 
investigated. A minimum specific fuel consumption of 1.05 pounds 
per hour per pound of net thrust was obtained at an engine speed 
of approximately 6400 rpa at altitudes from 15,000 to 45,000 feet. 
Changes in flight Mach number at rated engine speed had no 
appreciable effect on specific fuel consumption. At lower engine 
speeds, however, the specific fuel consumption increased as the 
flight Mach number was raised. 
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At an altitude of 25,000 feet, the internal drag of a wind- 
milling engine varied from 2 percent of the available net thrust 
at a true airspeed of 200 miles per hour to 15 percent at a true 
airspeed of 650 miles per hour. 


INTRODUCTION 

An investigation has been conducted in the NACA Lewis altitude 
wind tunnel to determine the over -all performance, component per- 
formance, and operational characteristics of a J47 turbojet engine 
over a wide range of simulated flight conditions. 

Data are presented in graphical form to show the engine per- 
formance over a range of altitudes from 5000 to 50,000 feet and 
flight Mach numbers from 0.21 to 0.97. The effect of altitude 
is shown at a flight Mach number of 0.21 and the effect of flight 
Mach number is shown at an altitude of 25,000 feet. Performance 
data are generalized by two methods to determine the range of 
flight conditions for which engine performance may be predicted 
from performance data obtained at a given flight condition. Curves 
are presented to show the windmilling characteristics of the engine. 
All engine performance data obtained in the investigation are also 
presented in tabular form. 


DESCRIPTION OF ENGINE 

The J47 turbojet engine used in the altitude -wind-tunnel 
investigation (fig. l) has a sea-level static thrust rating of 
5000 pounds at an engine speed of 7900 rpm and a turbine -outlet 
gas temperature of 1275° F. At this rating the air flow is 
approximately 94 pounds per second. The engine has a 12 -stage 
axial -flow compressor with a pressure ratio of approximately 5.1 
at rated engine speed, eight cylindrical direct -flow- type 
combustion chambers, a single-stage impulse turbine, and a fixed - 
area exhaust nozzle. The exhaust nozzle, which was used in this 
investigation and was designated standard, had an outlet area of 
280 square inches. This exhaust nozzle produced a turbine-outlet 
temperature of approximately 1275° F at a flight Mach number of 
0.21, an altitude of 5000 feet, and an engine speed of 7900 rpa. 
The over-all length of the engine excluding the exhaust nozzle is 
143 inches, the maximum diameter is approximately 37 inches, and 
the total weight is 2475 pounds. 
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Air enters the engine through an annular inlet (fig. 2) and 
passes into the empress or through a row of inlet guide vanes. 

The air is discharged from the compressor through two rows of 
straightening vanes. From the annular outlet of the compressor, 
the air flows into the combustion chambers where it is mixed with 
fuel injected through duplex fuel nozzles . The mixture is burned 
and the hot gases of combustion flow through the turbine -inlet 
stator blades, the turbine, and into the atmosphere through the 
tail pipe and the exhaust nozzle. 


INSTALLATION 

The engine was mounted on a wing in the test section of the 
altitude wind tunnel (fig. l). Dry refrigerated air was supplied 
to the engine frem the tunnel make-up air system through a duct 
connected to the engine inlet. A frictionless slip joint in the 
duct made possible the measurement of engine thrust and drag by 
the tunnel balance scales. The air flow through the duct was 
throttled from approximately sea-level pressure to a total 
pressure at the engine inlet corresponding to the desired flight 
Mach number at a given altitude. 

Instrumentation for measuring pressures and temperatures was 
installed at various stations in the engine (fig. 2). Instrumen- 
tation for measuring air flow was installed at the inlet -air-duct 
venturi throat (station r), the engine inlet (station l), and the 
exhaust -nozzle outlet (station 7). 


PROCEDURE 

Thrust values were calculated from tunnel balance-scale 
measurements and also from values of gas flow and Jet velocity 
obtained from measurements with the exhaust -nozzle survey rake. 

The exhaust -nozzle Jet-velocity coefficient, defined as the ratio 
of scale Jet thrust to rake Jet thrust, is shown as a function of 
exhaust-nozzle pressure ratio in figure 3. Engine performance is 
based on thrust values obtained from the balance scales because 
this method includes the losses resulting from the inefficiency of 
the exhaust nozzle. 

Symbols and methods of calculation are given in the appendix. 

Performance data were obtained at the following altitudes and 
flight Mach numbers; 
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Altitude 

(ft) 

Flight Mach number 

5,000 

0.21 

15,000 

0.21, 0.53 

25,000 

0.21, 0.53, 0.72, 0.85, 0.97 

35,000 

0.21, 0.53, 0.72 

45,000 

0.21, 0.53 

50,000 

0.21 


Complete ram-pressure recovery at the compressor inlet was assumed 
in the calculation of flight Mach number. The fuel used was 
AN-F-32 with a lower heating value of 18,550 Btu per pound. The 
engine-inlet air temperature was held at approximately NACA 
standard values for each simulated flight condition except those 
of high altitude and low Mach number. Engine -inlet air temperatures 
below 439° E were unobtainable. 


BESULTS AND DISCUSSION 

All the data obtained in the performance investigation of the 
engine with a standard exhaust nozzle are compiled in table 1. The 
engine-inlet pressures and temperatures deviated slightly from the 
desired inlet conditions. The data presented graphically in non- 
generalized form have therefore been adjusted to NACA standard 
altitude conditions by means of the factors 5 a and © a 
(appendix A) . 


Engine Performance 

Effect of altitude . - Engine-performance data obtained at a 
flight Mach number of 0.21 at altitudes from 5000 to 50,000 feet 
are presented to show the effects of altitude on net thrust, air 
flow, fuel flow, specific fuel consumption, fuel-air ratio, and 
exhaust -gas total temperature in figure 4. Engine net thrust, air 
flow, and fuel consumption decreased consistently as the altitude 
increased (figs. 4(a) to 4(c)). Data obtained at high engine speeds 
are not shown for an altitude of 15,000 feet because the flight 
Mach number was inconsistent with other altitudes. At altitudes 
above 15,000 feet, the maximum engine speed was limited by turbine- 
outlet temperature. 

The specific fuel consumption (fig. 4(d)) was essentially 
constant for altitudes from 5000 to 45,000 feet at engine speeds 
above 7200 rpm and for altitudes from 15,000 to 45,000 feet at 
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engine speeds above 5750 rpm. In the engine-speed range between 
4500 to 6600 rpm, the highest specific fuel consumption occurred 
at an altitude of 5000 feet; at engine speeds above 6600 rpm, the 
highest specific fuel consumption occurred at an altitude of 

50.000 feet. The data indicated no consistent altitude effect 
at engine speeds below 5750 rpm, probably because of large vari- 
ations in component efficiencies in the low engine-sp>eed range. 

The minimum specific fuel consumption of 1.05 pounds per hour per 
pound of net thrust was obtained at an engine speed of approximately 
6400 rpm at altitudes from 15,000 to 45,000 feet. The specific 
fuel consumption at temperature -limited engine speed varied from 
1.20 to 1.30 over the range of altitudes investigated. 

The engine fuel-air ratio (fig. 4(e)) increased with altitude 
at engine speeds above 4500 rpm. Data obtained at lower engine 
speeds indicated no consistent altitude effect. 

The exhaust-gas temperature (fig. 4(f)) decreased with an 
increase in altitude at low engine speeds and increased with 
altitude at high engine speeds. A change in altitude from 5000 to 

25.000 feet resulted in a decrease in temperature -limited engine 
speed from 7880 to 7550 rpm. The trend of the data iixLicates that 
an increase in altitude beyond 25,000 feet would further reduce the 
maximum permissible engine speed. Inasmuch as maximum thrust is 
obtained at full engine speed (7900 rpm), and maximum exhaust-gas 
total temperature, the desirability of using a variable-area 
exhaust nozzle to permit operation at full engine speed at all 
altitudes is evident. 

Effect of flight Mach number . - Performance data obtained at 
an altitude of 25,000 feet and flight Mach numbers of 0.21 to 
0.97 are presented in figure 5 to show the effect of flight Mach 
number on net thrust, air flow, fuel flow, specific fuel consumption, 
fuel-air ratio, and exhaust -gas total temperature. 

As the flight Mach number was raised, the net thrust decreased 
at engine speeds below 6800 rpm and increased at higher engine 
speeds for flight Mach numbers above 0.53 (fig. 5 (a)). An 
increase in Mach number from 0.21 to 0.53 at engine speeds above 
7000 rpm had no appreciable effect on the net thrust. The engine 
air flow (fig. 5(b)) increased consistently with an increase in 
flight Mach number. As the flight Mach number was increased, the 
engine fuel consumption (fig. 5(c)) decreased at engine speeds 
below 6150 rpm and increased at higher engine speeds. At 
temperature -limited engine speed, the specific fuel consumption 
based on net thrust (fig. 5(d)) increased from 1.21 to 1.43 as 
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the flight Mach number increased from 0.21 to 0.97. This variation 
of specific fuel consumption based on net thrust with flight Mach 
number increased at the low engine speeds. The minimum specific 
fuel consumption of 1.05 pounds per hour per pound of net thrust 
occurred at a flight Mach number of 0.21 and an engine speed of 
approximately 6400 rpm. 

The engine fuel-air ratio (fig. 5(e)) decreased at all engine 
speeds as the flight Mach number was raised. The exhaust -gas total 
temperature (fig. 5(f)) was, in general, reduced by an increase in 
flight Mach number at all engine speeds except between 7000 and 
7500 rpm, where a change in flight Mach number had no appreciable 
effect. Maximum engine speed was limited by exhaust -gas total 
temperature at flight Mach numbers below 0.72. 

Generalized performance . - Altitude performance data for a 
flight Mach number of 0.21 have been generalized to standard sea- 
level conditions by use of the correction factors 5 and 6 
(reference l) . In the development of this method of generalization, 
it was shown that these correction factors alone were insufficient 
to reduce the results completely to a single curve. The use of 
additional parameters, such as flight Mach number and Reynolds 
number, may be necessary for a complete generalized description of 
engine characteristics. Changes in flight Mach number or changes 
in component efficiency associated with changes in Reynolds number 
therefore lessen the possibility of reducing data obtained at 
various altitudes to a single curve. 

Performance data obtained at a flight Mach number of 0.21 
at altitudes from 5000 to 50,000 feet are presented in figure 6 
to show the effect of altitude on the corrected values of net 
thrust, air flow, fuel flow, specific fuel consumption, fuel-air 
ratio, and exhaust-gas total temperature. 

The variation of corrected net thrust with altitude was 
sufficiently small that data obtained at all altitudes from 5000 to 
50,000 feet could be represented by a single curve (fig. 6(a)). 

The corrected engine air flow (fig. 6(b)) decreased as the altitude 
was increased at corrected engine speeds above 5400 rpm. For 
corrected engine speeds below 5400 rpm, the data appear to reduce 
to a single curve. 

Generalized performance parameters depending on fuel consumption 
formed a single curve only near maximum engine speed and at altitudes 
below 35,000 feet. Above 35,000 feet and at reduced engine speeds, 
the corrected fuel consumption (fig. 6(c)) increased as the altitude 
was raised. Near maximum engine speed, the corrected specific fuel 
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consumption (fig. 6(d)) formed a single curve for data obtained 
at altitudes below 35,000 feet; however, higher corrected specific 
fuel consumptions were obtained at altitudes of 45,000 and 
50,000 feet. At low engine speeds the trend of the data with 
increasing altitude was inconsistent. The corrected engine fuel- 
air ratio (fig. 6(e)) and the corrected exhaust-gas temperature 
(fig. 6(f)) increased with altitude at all corrected engine speeds; 
however, the increase in corrected engine fuel-air ratio was 
insignificant at a corrected engine speed of 7900 rpn and altitudes 
up to 35,000 feet. 

Generalization in terms of pumping characteristics . - If a 
turbojet engine is considered as a pump that increases the energy- 
level of the working fluid as it passes through the engine, the 
thrust may be determined by an evaluation of the energy change . 

This change in available energy is determined by the change in 
total pressure and total temperature of the air flowing through 
the engine. In this method of generalization, as in the method 
previously discussed, changes in component efficiencies including 
the effects of Reynolds number lessen the possibility of generaliz- 
ing the data obtained at various altitudes to a single curve. 

The variation of engine total-temperature ratio with engine 
total -pressure ratio is shown in figure 7(a) for altitudes from 
5000 to 50,000 feet at a flight Mach number of 0.21 and in 
figure 7(b) for flight Mach numbers from 0.21 to 0.97 at an 
altitude of 25,000 feet. As the altitude was increased, the engine- 
total-temperature ratio increased at all values of engine-total- 
pressure ratio. The data for the range of flight Mach numbers 
investigated at an altitude of 25,000 feet plotted as a single 
curve at all engine-pressure ratios above approximately 1.4. 

Similar data obtained over a range of flight Mach numbers at 
other altitudes also formed a single curve for each altitude at 
engine total-pressure ratios above approximately 1.4. From 
the data presented in figure 7, the total pressure at the exhaust- 
nozzle outlet can be determined for any flight Mach number and 
exhaust -gas temperature at altitudes between 5000 and 50,000 feet 
and engine -total-pressure ratios above approximately 1.4. The 
Jet thrust can then be calculated by use of equation (8) or (9) 
presented in the appendix. 


Engine Windmilling Characteristics 

The engine windmilling speed is shown in figure 8 as a function 
of true airspeed for altitudes frcm 5000 to 45,000 feet. The engine 
windmilling speed was unaffected by changes In altitude in the range 
of airspeeds investigated. 
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The internal drag of a windmilling turbojet engine is of 
interest, particularly on multiengine airplanes when it may be 
desirable to cruise with one or more engines inoperative. The 
ratio of windmilling drag to net thrust at ma-rlmum permissible 
engine speed is shown in figure 9 as a function of true airspeed 
for an altitude of 25,000 feet. The internal drag of a windmill- 
ing engine varied from 2 percent of the available net thrust at a 
true airspeed of 200 miles per hour to 15 percent at a true air- 
speed of 650 miles per hour. The desirability of blocking the 
inlet of an inoperative engine is apparent. 


SUMMARY OF RESULTS 

The following results were obtained from an investigation 
of a J47 turbojet engine in the NACA Lewis altitude wind tunnel 
at simulated altitudes from 5000 to 50,000 feet and simulated 
flight Mach numbers from 0.21 to 0.97: 

1. The correction factors commonly used to generalize turbojet- 
engine performance can be used to predict performance for only a 
limited range of altitudes and corrected engine speeds. 

2. From the engine pumping characteristics. Jet thrust could 
be predicted for any desired flight Mach number and exhaust-gas 
temperature at altitudes from 5000 to 50,000 feet aid engine - 
pressure ratios above approximately 1.4. 

3. The temperature -limited engine speed decreased with 
increasing altitude, which indicated the need for a variable-area 
exhaust nozzle. 

4. In general, the exhaust -gas temperature was reduced at 
all engine speeds by an increase in fli^it Mach number. 

5. The specific fuel consumption at temperature -limited 
engine speed and a flight Mach number of 0.21 varied from 1.20 
to 1.30 pounds per hour per pound of net thrust over the range of 
altitudes investigated. Minimum specific fuel consumption of 
1.05 pounds per hour per pound of net thrust was obtained at an 
engine speed of approximately 6400 rpm at altitudes from 15,000 to 
45,000 feet. 

6. As the flight Mach number was increased from 0.21 to 0.97 
at temperature -limited engine speed, the specific fuel consumption 
increased from 1.21 to 1.43 pounds per hour per pound of net 
thrust. At low engine speeds the increase was much larger. 
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7 . At an altitude of 25,000 feet, the internal drag of a 
vindmilling engine varied from 2 percent of the available net 
thrust at a true airspeed of 200 miles per hour to 15 percent at 
a true airspeed of 650 miles per hour. 

Levis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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APPENDIX - CALCULATIONS 
Symbols 

The following symbols were used in the calculations and on 
the figures : 

A cross-sectional area, sq. ft 

B thrust scale reading, lb 

C * jet-velocity coefficient, ratio of actual Jet velocity or 
thrust to ideal velocity or thrust after expansion to 
free-stream static pressure 

Cj. ratio of hot exhaust -nozzle area to cold exhaust-nozzle 
area (1.01 at 1570° R) 

D external drag of installation, lb 

D r exhaust-nozzle tail-rake drag, lb 

D w vindmilling drag, lb 

Fj Jet thrust, lb 

F net thrust, lb 

tie. fuel-air ratio 

g acceleration due to gravity, 32.2 ft /sec 2 

M flight Mach number 

N engine speed, rpa 

P total pressure, lb/sq. ft absolute 

p static pressure, lb/sq. ft absolute 

R gas constant, 53.3 ft-lb/(lb)(°R) 

T total temperature, °R 

T.^ indicated temperature, °R 
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t static temperature, °R 

V Telocity, ft/sec 

W a air flow, lb/sec 

W f fuel flow, lb /hr 

V-/F specific fuel consumption "based on net thrust, lb/(hr) 

(lh thrust) 

7 ratio of specific heats 

5 ratio of tunnel static pressure Pq to absolute static 

pressure of NACA standard atmosphere at sea level 

5 a ratio of tunnel static pressure p Q to absolute static 

pressure of NACA standard atmosphere at desired altitude 

6 ratio of absolute equivalent ambient static temperature to 

absolute static temperature of NACA standard atmosphere 
at sea level 

0 a ratio of absolute equivalent ambient static temperature to 
absolute static temperature of NACA standard atmosphere 
at desired altitude 


Subscripts : 

0 free -air stream 

1 engine inlet 

6 turbine outlet 

7 1 inch upstream of exhaust -nozzle outlet 

8 exhaust -nozzle outlet 

e equivalent 

r venturi throat rake in make-up air duct 

s scale 

x inlet duct at frictionless slip Joint 
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Methods of Calculation 


Flight Mach number . - Complete ram-pressure recovery at the 
engine inlet vas assumed. The flight Mach number vas then 
determined from the following expression: 



Temperatures . - Total temperature was obtained from indicated 
temperature by the use of an experimentally determined thermo- 
couple impact -recovery factor of 0.85 in the following equation: 



( 2 ) 


Equivalent temperature . - Equivalent temperature was obtained 
from tunnel static pressure and engine-inlet total pressure and 
temperature . 



(3) 


Air flow . - Engine air flow was calculated from pressure ani 
temperature measurements obtained at the engine inlet (station l) 
by use of the equation 



W a = A l p l 


(4) 
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Air-flow values obtained frcsn measurements in the venturi of the 
inlet-air duct and at the exhaust nozzle agreed within 3 percent 
with those obtained from measurements at the engine inlet. 

Thrust . - The thrust of the installation was independently 
determined from balance-scale measurements and also from 
pressures and temperatures measured near the exhaust-nozzle out- 
let by means of a survey rake. Because of the inefficiency of the 
exhaust nozzle, the scale thrust is less than the rake thrust. 

Jet thrust was determined from balance-scale measurements by 

the use of the following equation: 


V D + B +B r+ ^ + AjPx-Po) 
Net thrust is then given by the equation 


(5) 


F = F, - ^ V 
n,s J , 3 g e 


( 6 ) 


The last two terms of equation (5) represent the momentum and the 
pressure forces on the installation at the slip Joint in the inlet- 
air duct. The drag of the installation was determined by runs 
with the engine inoperative and with a blocking plate installed in 
the inlet to prevent air flow through the engine. 


The rake thrust, which is the ideal thrust available, is 
given by the following equation and values obtained at station 7, 
1 inch upstream of the nozzle outlet; 



V 1 


2C t A 7 P 7 y. 

7 7 _1 



+ C t A 7 (P 7- p 0> 


(7) 


Alternate thrust equation . - When the assumption is made 
P ? = Pg, an alternate equation for jet thrust is as follows: 


that 
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F J = ypi C tAsP8 


27 c 


?8 


where 




+ AqO^pq-po) 


Pa = 


PE 


r 8" 1 


and for supersonic Jet velocities where 


~ > 1.9 
P 0 


For subsonic Jet velocities where 


<i.9 


equation (8) reduces to 


F J 


27 8 A 8P0 c t 



( 8 ) 


(9) 
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TABLE I - ENGINE PERFORMANCE DATA 


o> 


Run 

Altitude 

(ft) 

Ram-pressure ratio 

p i/Po 

© 

£ 

5 

% 

cd 

a 

•p 

4 

«H 

H 

&. a 

Tunnel static pressure 
p 0 , (lb/ sq ft abs. ) 

Equivalent ambient tem- 
perature, t e , ( °R ) 

Engine speed, N 
(rpm) 

Compressor- inlet 
indicated temperature 
Tj. !# (°R ) 

p* 

I 

5 

Net thrust, F_ 
(lb) n 

§ 
r— 1 
<H 

u 

•H 

cd — * 
o 

P © 

© m 

ft 

•H H 
1 ^ 
© 

G - 

•H r ~ 1 

S’ J 

w 

Fuel flow, W f 
(lb/hr) 

Specific fuel consumption 
based on net thrust 
Wf/F n # (lb /(hr) (lb thrust)) 

Fuel-air ratio 
f/a 

Exhaust-gas total tem- 
perature, T7, (°R ) 

Turbine -outlet total pres- 
sure, P 6 # (lb/ sq ft abs.) 

Corrected engine speed 
N/V©\ (rpm) 

Corrected net thrust 
Pj/6, (lb) 

Corrected engine-inlet 
air flow, W o _ Ve/6 
(lb/sec) ' 

Corrected fuel con- 
sumption, W f /(5V^) 
(lb/hr) 

Corrected specific fuel 
consumption based on net 
thrust, Wf/(F V^) 

(lb/ (hr) (lb thrust)) 

Corrected fuel-air 
ratio, (f/a)/6 

Corrected exhaust-gas 
total temperature, 
T 7 /e, (OR) 

Engine total-pressure 
ratio, P7/P1 

Engine total-temperature 
ratio, Ty/^ 

1 

5,000 

1.038 

0.230 

1740 

507 

7695 

509 

4880 

4237 

81 .08 

5300 

1.251 

0.0182 

1740 

3465 

7990 

5160 

97.42 

6523 

1 e 265 

0.0186 

1780 

1 .865 

3.398 

2 

5 , 000 

1.037 

.225 

175C 

509 

7692 

511 

4593 

3957 

61.07 

4600 

1.213 

.0164 

1631 

3352 

7769 

4770 

96.72 

5842 

1 .225 

.0167 

1665 

1 .790 

3 .173 

3 

5,000 

1.039 

.250 

1740 

506 

7500 

510 

4305 

3660 

80.28 

4390 

1.198 

.0152 

1542 

3247 

7598 

4455 

96.37 

5408 

1.213 

.01 56 

1583 

1 .745 

3.012 

4 

5,000 

1.036 

.220 

1742 

508 

6993 

511 

3650 

3053 

76.94 

3550 

1.162 

.0128 

1396 

2984 

7070 

3720 

92.46 

4359 

1.175 

.0130 

1426 

1 .605 

2.721 

5 

5, 000 

1.034 

.215 

1742 

507 

6459 

511 

2846 

2318 

70.23 

2710 

1.168 

.0107 

1268 

2679 

6537 

2818 

84.32 

3333 

1.183 

.0109 

1297 

1 .454 

2.477 

6 

5 , 000 

1 . uoo 

.210 

1744 

506 

5944 

510 

2085 

1615 

63.66 

2060 

1.275 

.0090 

1170 

2403 

6021 

1962 

76.23 

2532 

1.292 

.0092 

1200 

1 .314 

2.290 

7 

5,000 

1 . 033 

.210 

1740 

505 

5024 

509 

1172 

817 

48.05 

1350 

1.654 

.0078 

1096 

2083 

5094 

994 

57.62 

1665 

1 ©675 

.0079 

1127 

1 .149 

2.149 

8 

5, 000 

1.034 

.215 

1749 

504 

4091 

509 

669 

413 

34.21 

1050 

2.542 

.0085 

1125 

1924 

4152 

499 

40.78 

1289 

2.582 

.0087 

1160 

1.059 

2.210 

9 

5 , 000 

1.032 

.210 

1745 

504 

3147 

509 

312 

140 

23.73 

820 

5.857 

.0096 

1167 

1832 

3194 

169 

28.36 

1009 

5.940 

.0098 

1202 

1.017 

2 .293 

10 

5,000 

1.032 

.210 

1738 

504 

2046 

509 

129 

10 

16.42 

474 


.0080 

1134 

1769 

2077 

12 

19.69 

585 

48.1 

.0082 

1168 

.987 

2.228 

11 

15,000 

1.034 

.215 

1188 

478 

6993 

460 

2735 

2323 

56.41 

2550 

1.097 

.0126 

1386 

2102 

7287 

4137 

96.42 
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Figure 1. - View of J47 turbojet engine installed in test section of altitude wind tunnel. 
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Figure 2. - Cross section of turbo Jet -engine installation shoving sections at which instrumentation was installed. 
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Figure 3. - Variation of exhaust -nozzle Jet-velocity coefficient with exhaust-nozzle 

pressure ratio. 
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(a) Net thrust* 


Figure 4* - Effect of altitude on variation of engine performance with 
engine speed at flight Mach number of 0.21. 
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Figure 4. - Continued. Effect of altitude on variation of engine 
performance with engine speed at flight Mach number of 0.21. 
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(c) Fuel flow* 

Figure 4* - Continued* Effect of altitude on variation of engine 
performance with engine speed at flight Mach number of 0.21* 



Specific fuel consumption based on net thrust, 
lb/(hr)(lb thrust) 
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(d) Specific fuel consumption 

Figure 4. - Continued* Effect of altitude on variation of engine 
performance with engine speed at flight Mach number of 0*21# 


1159 


Fuel-air ratio, f/a 


NACA RM E9G09 


27 


o> 

in 




Exhaust-gas total temperature, T7 


28 


NACA RM E9G09 



Figure 4. - Concluded. Effect of altitude on variation of engine 
performance with engine speed at flight Mach number of 0.21. 


1159 


Net thrust 


NACA RM E9G09 


29 



(a) Net thrust# 

Figure 5# - Effect of flight Mach number on variation of engine 
performance with engine speed at altitude of 25, 000 feet# 
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(b) Air flow. 

Figure 5 . - Continued. Effect of flight Mach number on variation of 
engine performance with engine speed at altitude of 25,000 feet. 
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(c) Fuel flow# 

Figure 5# - Continued# Effect of flight Mach number on variation of 
engine performance with engine speed at altitude of 25,000 feet# 



Specific fuel consumption based on net thrust, Wf/F. 
lb/(hr)(lb thrust) 
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(d) Specific fuel consumption# 

Figure 5# - Continued# Effect of flight Mach number on variation of 
engine performance with engine speed at altitude of 25,000 feet# 
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(e) Fuel-air ratio. 

Figure 5. - Continued. Effect of flight Mach number on variation of 
engine performance with engine speed at altitude of 25,000 feet# 



Exhaust-gas total temperature 
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Figure 5. — Concluded. Effect of flight Mach number on variation of 
engine performance with engine speed at altitude of 25,000 feet. 
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(a) Net thrust* 

Figure 6. - Effect of altitude on variation of corrected engine 
performance with corrected engine speed at flight Mach number 
of 0*21* 



Corrected air flow, WgY^/d, lb/; 
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(b) Air flow. 

Figure 6. - Continued. Effect of altitude on variation of corrected 
engine performance with corrected engine speed at flight Mach 
number of 0.21. 
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(c) Fuel flow. 

Figure 6. - Continued. Effect of altitude on variation of corrected 
engine performance with corrected engine speed at flight Mach 
number of 0.21. 
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(d) Specific fuel consumption# 

Figure 6. - Continued* Effect of altitude on variation of corrected 
engine performance with corrected engine speed at flight Mach 
number of 0*21# 
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(e) Fuel-air ratio* 

Figure 6* - Continued# Effect of altitude on variation of corrected 
engine performance with corrected engine speed at flight Mach 
number of 0#21. 
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(f) Exhaust-gas total temperature 


Figure 6* - Concluded* Effect of altitude on variation of corrected 
engine performance with corrected engine speed at flight Mach 
number of 0*21. 
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(a) Flight Mach number, 0.21; altitude, 5000 to 50,000 feet. 


Figure 7. - Variation of engine total-temperature ratio with 
engine total-pressure ratio. 



Engine total-temperature ratio, T 7 /T 
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Engine total-pressure ratio, P 7 /P 1 


(b) Flight Mach number, 0.21 to 0.97; altitude, 25,000 feet. 

Figure 7. - Concluded. Variation of engine total-tempera ture ratio 
with engine total-pressure ratio. 
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Figure 9. - Variation of ratio of windmilling drag to net thrust at maximum permissible 
engine speed with true airspeed at altitude of 25,000 feet. 
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